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Diastereofacial Selection in Nitrile Oxide Cycloaddition Reactions. The
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The extent of diastereoselectivity associated with the reactions of nitrile oxides with alkenes bearing an allylic
oxygen substituent has been studied. Reasonable levels of such diastereoselectivity have been found when the
tert-butyldimethylsilyl ether derivative of 3-buten-2-ol (5) or (+)-(S)-isopropylidene-3-butene-1,2-diol (1) are
employed as dipolarophiles. The stereochemical course of these cycloaddition reactions has been proven rigorously
through the transformation of the adducts to known y-lactones. The stereochemistry associated with the
metalation/alkylation of 5-alkoxymethyl-substituted isoxazolines has also been probed in order to further expand
the use of these heterocycles as aldol equivalents in natural products total synthesis. A synthesis of (&)-
blastmycinone (34) is reported which combines the two foregoing aspects of stereocontrol. The levels of regio-
and stereoselectivity found in the cycloaddition reactions of the cis- and trans-disubstituted alkenes 35 and 39
prepared from isopropylidene-D-glyceraldehyde are also discussed. A single example of the reaction of a chiral

alkene with a chiral nitrile oxide is presented.

During our efforts to synthesize the ergot alkaloid
paliclavine, we had the occasion to examine the extent of
diastereoselection which could be achieved in the addition
of a nitrile oxide to a tethered olefin bearing an allylic
asymmetric center.! Since the groups attached to this
allylic site differed little in their steric or electronic
makeup, it was not surprising to find that the extent of
diastereoselection was small.

Prompted by this initial experiment, we have begun to
explore such diastereoselective nitrile oxide cycloaddition
reactions in a more thorough manner, for the successful
execution of such chemistry would appear valuable to the
stereoselective production of both vy-amino alcohol and
B-hydroxy ketone fragments for use in natural products
synthesis.?

We have already described in a brief communication
that it is possible to achieve diastereoselection in inter-
molecular nitrile oxide cycloaddition reactions if a chiral
olefin which bears an allylic oxygen substituent is em-
ployed as the dipolarophile.® Further examples of the
“anti-directing effect” of an allylic oxygen substituent are
presented and discussed in this article. A synthesis of
(£)-blastmycinone, a degradation product of the antibiotic
antimycin A, is described.* This synthesis features the
anti-directing effect of an oxygen substituent in controlling
both the course of the [3 + 2] cycloaddition reaction as well
as the stereochemistry of a subsequent isoxazoline ring
metalation reaction. A single example of a cycloaddition
reaction employing both an optically active olefin and an
optically active nitrile oxide is also presented.

Results

Our first indication that reasonable diastereoselectivity
could be achieved in intermolecular nitrile oxide cyclo-

(1) Kozikowski, A. P.; Chen, Y. Y. J. Org. Chem. 1981, 46, 5248. Ko-
zikowski, A. P.; Ishida, H. J. Am. Chem. Soc. 1980, 102, 4265.

(2) See, for example: Kozikowski, A. P.; Stein, P. D. J. Am. Chem.
Soc. 1982, 104, 4023.

(3) Kozikowski, A. P.; Ghosh, A. K. J. Am. Chem. Soc. 1982, 104, 5788,
Also see: DeShong, P.; Leginus, J. M. J. Am. Chem. Soc. 1988, 105, 1688.
Hagedorn, A. A.; Miller, B. J.; Nagy, J. O. Tetrahedron Lett. 1980, 21,
229. Wade, P. A.; Pillay, M. K.; Singh, S. M. Ibid. 1982, 23, 4563. Jager,
V.; Schohe, R.; Paulus, E. F. Ibid. 1983, 24, 5501.

(4) (a) van Tamelen, E. E.; Dickie, J. P.; Loomans, M. E.; Dewey, R.
S.; Strong, F. M. J. Am. Chem. Soc. 1961, 83, 1639. (b) Birch, A. J.;
Cameron, D. W.; Harada, Y.; Rickards, R. W. J. Chem. Soc. 1961, 889.
(c) Yonehara, H.; Takeucki, S. J. Antibiot., Ser. A 1988, 11, 254. (d)
Kinoshita, M.; Aburaki, S.; Wada, M.; Umezawa, S. Bull. Chem. Soc. Jpn.
1973, 46, 1279.
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H,0*; CH,N,; ¢, THPOCH,CH,NO,, PhNCO, Et,N, CH,;
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MeOH; CH,N,; f, CH,CH,NO,, PhNCO, Et,N, C,H,; g,
H,, Raney Ni, HOAc, MeOH, H,O; h, 10% NaOH, MeOH;
H,0%; i, Meli, Et,0.

addition reactions was gleaned from the reactions of
(+)-(S)-isopropylidene-3-butene-1,2-diol (1) (Scheme I).
When carbethoxyformonitrile oxide (CEFNO)® was used
as the dipole, an 80:20 mixture of diastereomers resulted,
in which the major isomer after chromatographic separa-
tion could be converted through a few additional steps to
2-deoxy-D-ribose (3) (see Experimental Section for details).?

Acetonitrile oxide reacted with 1 to deliver after N-O
bond hydrogenolysis the erythro 8-hydroxy ketone 4 as the
major product (*H NMR ratio 88:12). The identity of the
major isomer was established by hydrolyzing pure 2 to the
corresponding 8-hydroxy acid and then treating with excess
methyllithium to afford a ketone whose 'H NMR spectrum
matched that displayed by the major isomer 4 present in
the hydrogenolysis mixture. With the nitrile oxide derived
from the tetrahydropyranyl derivative of 2-nitroethanol,
the extent of diastereoselection was even higher. Hydro-
genolysis of the isoxazoline product under conditions which
led to cleavage of the THP group yielded nearly a single
dihydroxy ketone (>94% by HPLC analysis). Since this
ketone could also be converted to 2, the stereochemical
sense of the addition of a nitrile oxide to the olefin 1 was
shown to be independent of the nitrile oxide employed.

The reaction of olefin 1 with four other nitrile oxides
can be found in the accompanying table. Benzonitrile
oxide gave rise to a 83:17 mixture of diastereomeric isox-

(5) Kozikowski, A. P.; Adamczyk, M. J. Org. Chem. 1983, 48, 366 and
references cited therein.
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Table I. Diastereoselection in the Reaction of (+)-(§)-Isopropylidene-3-butene-1,2-diol with Various Nitrile Oxides

<,

Q H
e RX
Hy [
A 0—N
isomer chemical shift and coupling
no. dipole ratio constants for H,®
1 EtO20C==N—0 80:20 anti: 4.72 (ddd, J = 10.30,
7.88, 6.71 Hz)
syn: 4.85 (ddd, J = 11.5, 8.49
4.24 Hz)
2 CHC =N —0 88:12 anti: 4.45 (ddd, J = 10.10,
7.68, 6.46 Hz)
syn: 4.63 (ddd, J = 10.91,
7.88, 4.756 Hz)
3 THPOCHL=N—0 >94:<6 difficult to assign because of
overlapping peaks
4 PRC==N—0 83:17 anti: 4.67 (ddd, J = 10.10,
7.61, 6.67 Hz)
syn: 4.83 (ddd, J = 11.11,
) 8.08, 4.65 Hz)
5 0—CHeC==N-—0 >04:<6 anti: 4.55 (ddd, 10.10,
X 750, 6.67 Hz)
OMe syn: not assigned
6 CHaCHC==N—0 90:10 anti: 4.47 (ddd, J = 10,30,
7.68, 6.26 Hz)
syn: 4.62 (ddd, J = 10.81,
7.88, 4.85 Hz)
7 0 80:20 anti: 4.49 (ddd, J = 10.3,
[O>—C”2°*‘T—E’ 7.28, 6.67 Hz)
syn: 4.65 (ddd, 10.91, 7.68,
4.85 Hz)

sThe boldfaced coupling constant is J,x, and its magnitude is diagnostic of the syn and anti isomers.

azolines. The 1-methoxycyclohexyl derivative of 2-nitro-
ethanol was comparable in its diastereoselectivity to the
tetrahydropyranyl ether of 2-nitroethanol.

The assignment of stereochemistry in these last four
cases was made on the basis of '!H NMR comparisons
(Table I). Proton H, in the anti isomer was found to
consistently resonate at a higher field strength than H,
in the syn isomer. Additionally, J,x for the anti isomer
was found to be larger than J,x for the syn isomer. The
major isoxazoline derived from the dioxolanyl bearing
nitrile oxide (entry 7) has, moreover, been converted to a
protected version of compactin lactone, a compound whose
measured optical rotation was found to be identical with
the reported literature value.®

Diastereoselection in the Reactions of Derivatives
of 3-Buten-2-0l. Encouraged by the reasonable diaster-
eoselection found for the olefin 1, we decided to examine
the same chemistry by using variously protected deriva-
tives of 3-buten-2-ol. The diastereomeric ratios varied from
a high of 81:19 to as little as 52:48 (Table II). Only the
tert-butyldimethylsilyl ether derivative 5 of this alcohol
led to a reasonable degree of diastereoselection with each
of the nitrile oxides examined. The coupling patterns
found for the major isoxazoline isomer in the majority of
these cases were similar, thus suggesting that addition to
a specific olefin face was preferred irregardless of the nitrile
oxide employed. Chemical evidence that these addition
reactions proceed in a fashion analogous to that found for
(+)-(S)-isopropylidene-3-butene-1,2-diol is presented be-
low.

Proof of the Stereochemical Course of the Nitrile
Oxide Cycloaddition Reaction to the tert-Butyldi-

(6) Kozikowski, A. P; Li, C. S., manuscript submitted for publication.

Scheme II. A Proof of Stereochemistry for the
Dipolar Cycloaddition Reaction of the
tert-Butyldimethylsilyl Ether Derivative of 3-Buten-2-01¢
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methylsilyl Ether Derivative of 3-Buten-2-ol. As cited
above, the ratio of isomers (disregarding those originating
from the THP group) in the reaction of 5 with the tetra-
hydropyranyl ether derivative of 2-nitroethanol was 81:19.
The assignment of stereochemistry to these isoxazolines
was made by their conversion to the v-lactones 11 and 12,
Accordingly, the hydroxyl group of 6 (Scheme II) was
desilylated and then reprotected as its benzyl ether.
Cleavage of isoxazoline 7 to 8-hydroxy ketone 8, followed
by periodic acid oxidation led to a mixture of the 8-hy-
droxy acids 9 and their corresponding methyl esters 10.5
Hydrogenolytic removal of the benzyl group in metha-
nol/HCI gave rise to a 4:1 mixture of the lactones 11 and
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Table II. Diastereoselection in the Reactions of Derivatives of 3-Buten-2-0l with Various Nitrile Oxides

diagnostic NMR data?

RO
. ¢ R
isomer M
no. dipolarophile dipole ratio® MTH N
1 P CrsC == N—0 66:34 anti: 4.42 (ddd, J = 11.21,
—{—sl\o 7.58, 3.79 Hz)
% syn: 4.51 (ddd, J = 10.91,
& 7.88, 4.85 Hz)
2 Ph/\o Et02LC==N—0 68:32° anti: 4.76 (ddd, J = 11.52,
8.28, 4.24 Hz)

&

3 | CHaCH, CamN—0
~+sic
I
7
4 | CHSCEE‘—Q
$i0
[y.-H
7
5 | E10,CC==N—0
Y
=
6 l‘o THPOCHC=N—0
L
7 | ~ PhCE==N—0
N=—0
+-sio
=
AcO CHaC == N—0
=
9 HO PhC=N—0

e

syn: 4.85 (ddd, J = 11.32,
8.69, 5.25 Hz)

73:27 anti: 4.36 (ddd, J = 10.91,
7.48, 3.74 Hz)

syn: 4.48 (ddd, J = 10.31,
8.08, 5.05 Hz)

73:27 anti: 4.32 (ddd, J = 11.02,
7.68, 3.84 Hz)

syn: 4.43 (ddd, J = 10.25,
8.03, 5.07 Hz)

71:29 anti: 4.63 (ddd, J = 11.12,
7.88, 3.13 Hz)

syn: 4.72 (ddd, J = 11.31,

8.08, 4.85 Hz)

81:19 difficult to assign because of
overlapping peaks

75:25 anti: 4.51 (ddd, J = 11.12,
7.68, 3.84 Hz)

syn: 4.62 (ddd, J = 10.51,

7.88, 5.05 Hz)

52:48

50:50

%The isomer ratios were based on 'H NMR integrations and HPLC analysis. > The boldfaced coupling constant is J,x’ and its magnitude
is diagnostic of the syn and anti isomers. °These isomers were separated by HPLC (Waters instrument with a u-porasil column) with 10%

ethyl acetate~hexane as the solvent system.

12. The upfield 'H NMR shift of the methyl resonance
of lactone 11 as compared to that of lactone 12 as well as
the downfield position of this same methyl group in its 3C
NMR spectrum relative to that of 12 provided firm evi-
dence for the assignment of structure in these cases. A
configurationally related set of lactones has been prepared
by Heathcock, and that lactone possessing a cis relation-
ship between its C-3 hydroxyl and C-4 methyl groups was
found to exhibit the higher field 3C NMR methyl reso-
nance.” Additionally, the ABX coupling pattern found
for the C-2 hydrogens of lactone 11 is identical with that
exhibited by the C-2 hydrogens of 2-deoxyribonolactone.

Metalation Reactions of the 5-Alkoxymethyl-Sub-
stituted Isoxazolines. With the idea of further ex-
panding the utility of these diastereofacial selective [3 +
2] cycloaddition reactions, we have also examined the
metalation chemistry of isoxazolines bearing a protected
hydroxymethyl group at C-5.°

The cycloadduct prepared from the reaction of the
tetrahydropyranyl ether of allyl alcohol and propionitrile
oxide (or acetonitrile oxide) was used for the preliminary
investigations. We felt that it was necessary to first es-
tablish the stereochemical course of such metalation/al-
kylation reactions, for the neighboring oxygen substituent
could either serve as a bulky shielding group thus directing
the entry of the new alkyl group trans to itself, or it could

(7) Heathcock, C. H.; Young, S. D.; Hagen, J. P.; Pirrung, M. C;
White, C. T.; VanDerveer, D. J. J. Org. Chem. 1980, 45, 3846.

(8) dager, V.; Schwab, W. Tetrahedron Lett. 1978, 3129. Jager, V;
Bug, V.; Schwab, W. Ibid. 1978, 3133.

lead via internal chelation to a configurationally stable sp®
carbanion, thus suggesting the possibility of a cis-directed
alkylation.?  Isoxazoline 13 was deprotonated with
LDA/HMPA and then alkylated with methyl iodide. A
single C-4/C-5 stereoisomer 14 (from 'H NMR and HPLC
analysis on 19) was formed in high yield. A further de-
protonation/alkylation reaction was carried out on 14 in
order to establish the site selectivity of a second metalation
process. When either methyl iodide or iodomethyl methyl
ether was used as the electrophile, the new alkyl group was
found to be appended to the C-3 ethyl group, thus indi-
cating the higher kinetic acidity of the less substituted
carbon atom « to the C=N bond.

In order to unambiguously assign stereochemistry to the
product of the first metalation reaction, the minor re-
gioisomer 17 (Scheme III) formed in the reaction of pro-
pionitrile oxide with methyl crotonate was reduced with
lithium borohydride in diglyme to the corresponding 5-
(hydroxymethyl)isoxazoline 19. The 'H NMR of the de-
tetrahydropyranylated product of the methylation reaction
(14 — 19) was found to be identical with that of the cro-
tonate derived isoxazoline.

(9) Some question does still exist as regards the direction of electro-
philic substitution relative to the lithium atom in metalated systems of
the imine variety. See, for example: Davenport, K. G.; Eichenauer, H.;
Enders, D.; Newcomb, M.; Bergbreiter, D. E. J. Am. Chem. Soc. 1979,
101, 5654. Thus another possibility is that the electrophile could enter
syn to the lithium atom in a intermediate like C resulting in the cis
disubstituted product. We do not believe, however, that the formation
of the trans product in these cases should be taken as evidence for
preferential electrophilic substitution anti to the lithium atom.
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Scheme III. Metalation-Alkylation of 5-Alkoxymethyl
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Scheme IV. Metalation-Alkylation of an
(S)-Isopropylidene-s-butene-1,2-diol Derived Isoxazoline?
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When the isoxazoline prepared from propionitrile oxide
and the methoxymethyl derivative of methallyl alcohol was
deprotonated and then methylated, a 3:1 mixture of
products 21 and 22 resulted. In order to ascertain the
stereochemistry of the major product in this instance,
propionitrile oxide was first reacted with methyl tiglate,
and then the carbomethoxy group of the isoxazoline 23 was
reduced with sodium borohydride. Protection of the hy-
droxyl group of this new isoxazoline as its MOM ether
provided the appropriate sample for spectral comparison.
The major isomer from the metalation reaction did, in fact,
match that prepared from methyl tiglate, thus signaling
the greater syn-shielding capability of an alkoxymethyl
group relative to a methyl group in directing the stereo-
chemical course of the alkylation reaction.

Lastly, the isoxazoline prepared from (+)-(S)-iso-
propylidene-3-butene-1,2-diol and the nitrile oxide of the
THP ether of 2-nitroethanol was also subjected to the
metalation/alkylation reaction. A single C-4/C-5 stereo-
isomer (within the limits of tH NMR and HPLC detection)
was generated on using methyl iodide as the electrophile.
Presumably, the methyl group had been introduced into
the isoxazoline ring anti to the C-5 substituent. To prove
this point, the chiral isoxazoline 25 (Scheme IV) was
converted to the known chiral lactone 28b via a sequence
of steps involving Raney nickel hydrogenolysis, oxidative
cleavage of the g-hydroxy ketone to carboxylic acid, tri-
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Scheme V. A Synthesis of (= )-Blastmycinone“
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% a, See Scheme II; b, LDA, HMPA; n-Bul; ¢, H,,
Raney Ni, BCl,, MeOH, H,O; d, separate diastereomers;
e, H,10,, MeOH, H,0; f, H,, 10% Pd/C, MeOH, HCI; g,
NaOMe, MeOH; h, (Me,CHCH,CO),0, Pyr.

fluoroacetic acid promoted acetonide cleavage with con-
comitant lactone formation, and finally O-acetylation. The
chemical shift data and coupling constants exhibited by
this lactone in its 1H NMR were identical with those re-
ported by Heathcock” who prepared a mixture of 28b and
its C-2 epimer through chemistry utilizing the conventional
aldol process. Additionally, the coupling constants ob-
served for 28b were similar to those reported by Novak
for the related di-p-toluate derivative of this lactone.!

A Synthesis of (+)-Blastmycinone. To further il-
lustrate the utility of the directing effect of an allylic ox-
ygen atom in the dipolar cycloaddition process, as well as
the directing effect of the alkoxymethyl group in the
isoxazoline ring alkylation reaction, we undertook a syn-
thesis of blastmycinone, a degradation product of the an-
tibiotic antimycin Ag. The addition products formed in
the reaction of the tert-butyldimethylsilyl ether of 3-bu-
ten-2-ol and the nitrile oxide prepared from the tetra-
hydropyranyl ether of 2-nitroethanol were disilylated and
reprotected as their benzyl ethers. Subjection of the di-
astereomeric mixture of isoxazolines to LDA/HMPA
treatment followed by reaction of their deep red anions
with n-butyl iodide delivered the ring alkylated products
29 and 30. Hydrogenolysis of these products with ace-
tone-deactivated Raney nickel in the presence of boron
trichloride, methanol, and water delivered a chromato-
graphically separable 4:1 mixture of the 8-hydroxy ketones
31 and 32. The preference for N-O bond cleavage relative
to O-debenzylation under these conditions is certainly
noteworthy.

The major 8-hydroxy ketone was stirred with periodic
acid in methanol and water to afford a mixture of the
corresponding carbozxylic acid and its methyl ester. Re-
moval of the benzyl group by hydrogenation over palla-
dium on carbon led solely to epi-blastmycinolactol (33)
(Scheme V). That this compound was indeed the 2-epi
isomer was easily verified through its conversion of (£)-
blastmycinone. The lactone was first stirred with sodium
methoxide to afford a 2.3:1 mixture of blastmycinolactol
and starting lactone, respectively. The chromatographi-
cally purified major isomer was then reacted with isovaleric
anhydride in pyridine for five days to afford a single new
product whose 300-MHz 'H NMR spectrum matched
precisely that reported for (+)-blastmycinone (34).4

While the above reaction scheme does serve best in
providing access to the 2,3-syn/3,4-anti-substituted lactone
(i.e., 2-epi-blastmycinolactol), the overall conversion of 5
to (£)-blastmycinone does further verify both the stereo-

(10) Novak, J. J. K. Collect. Czech. Chem. Commun. 1974, 39, 869.
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Scheme VI. Reactions of 1,2-Disubstituted Alkenes?®
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chemistry of the initial [8 + 2] cycloaddition reaction as
well as that of the metalation/alkylation process.

Diastereoselection in the Reactions of 1,2-Disub-
stituted Alkenes Bearing an Allylic Oxygen Sub-
stituent. The cis-disubstituted olefin 35 was prepared in
a highly stereoselective fashion by reaction of iso-
propylidene-p-glyceraldehyde with ethylidenetriphenyl-
phosphorane under salt free conditions (ratio 95:5). Some
of the cis olefin was further isomerized to the trans olefin
by treatment with thiophenol and AIBN in benzene.!!
These two alkenes were then reacted with propionitrile
oxide in benzene. While the cis olefin gave rise to a single
regio- and stereoisomer (HPLC analysis), it was surprising
to find that a 1:1 mixture of regioisomers resulted from
the cycloaddition reaction of the trans product. As a
consequence of the observed lack of regioselectivity in the
trans case, no attempt was made to ascertain the level of
diastereoselection associated with this cycloaddition re-
action.

To determine the stereochemical course of the addition
reaction to the cis olefin, the cycloaddition product was
simply converted to its corresponding 8-hydroxy ketone
by hydrogenation using Raney nickel and acetic acid.
Under these conditions, some epimerization was found to
take place so as to yield 37 (major) and 38 (Scheme VI).
Since the 300-MHz 'H NMR spectrum of the minor com-
ponent 38 matched precisely the !H NMR spectrum of the
compound prepared through a sequence of steps involving:
(a) addition of propionitrile oxide to 1; (b) metalation/
methylation of the major isoxazoline; and (c) hydrogen-
olysis to the corresponding 8-hydroxy ketone, we conclude
that the cycloaddition process has again occurred in the
same sense as found for the monosubstituted olefin 1.

It was also our intention to examine the level of diast-
ereoselectivity associated with the dipolar cycloaddition
reactions of cis-3-penten-2-ol. Surprisingly, however, the
tert-butyldimethylsilyl ether derivative of this compound
failed to give any cycloadduct with the various nitrile ox-
ides examined. We have at present no good explanation
for this peculiar result.

An Example of the Reaction of a Chiral Alkene
with a Chiral Nitrile Oxide. The unique ability of an
allylic oxygen substituent to control the diastereofacial
course of a nitrile oxide cycloaddition reaction provides
a mechanism for relating remote chiral centers. Thus, if
the nitrile oxide component does itself bear an asymmetric
center, the relationship of this chiral center relative to the
new center(s) formed in the cycloaddition reaction should
be entirely predictable and in accord with the foregoing
studies. The optically active nitro compound 44 was

(11) Bhalerao, V. T.; Rapoport, H. J. Am. Chem. Soc. 1971, 93, 4835.
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Scheme VII. Reaction of an Optically Active Nitrile
Oxide with (S)-Isopropylidene-3-butene-1,2-diol®
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NaH, THF; ¢ CH,Br, (n-Bu),N*I- (catalyst); d, PPTS,

MeOH,; e, TsCl, Py; Nal, MeCOMe; AgNQO,, Et,0; f,
PhNCO, Et,N, PhH.

* ISOMER

prepared from 3-hydroxy-2-methylpropionic acid by the
sequence of steps displayed in Scheme VII. On exposure
to phenylisocyanate/triethylamine in the presence of olefin
1, an 80:20 mixture of isoxazolines was formed. Since the
major isomer exhibited 'H NMR coupling constants and
chemical shift data (3y, = 4.46, J,x = 7.68 Hz, major
isomer; 0y, = 4.62, J,x = 4.85 Hz, minor isomer) similar
to those found for the “anti-addition” products listed in
Table I, the course of the cycloaddition reaction is seen
to be influenced little by the presence of a-asymmetry in
the nitrile oxide component.!? This observation should
prove valuable in the preparation of complex natural
products systems through dipolar cycloaddition strategies.

Discussion

To explain the stereoselectivity associated with the ad-
dition of a nitrile oxide to a chiral alkene bearing an allylic
oxygen substituent, we suggest a transition state picture
A which is similar to that proposed by Anh in support of

- A
\ \ = J A

H\

(

1
C—R

10~

-N
+

n

the Felkin type transition state.’® Of the various transition
state conformations available to the olefin 1, cycloaddition
may occur through that conformer in which the allylic
oxygen is orthogonal to the plane of the carbon—carbon
double bond and steric interactions are minimized (i.e., the
“Ald.like” interaction involves two hydrogen atoms).!
Addition of the nitrile oxide to this conformer now pro-
ceeds in accord with the anti-periplanar concept, in which
the dipole adds anti to the C-O bond in order to minimize
secondary antibonding orbital interactions.!® It should
be noted, however, that the directionality of addition to
this particular conformer is also that which would be ex-
pected based on a simple electrostatic or steric argument.

A similar transition state picture can be used to explain
the diastereofacial selectivity associated with the reactions
of the tert-butyldimethylsilyl ether of 3-buten-2-0l. We

(12) This result is consistent with earlier observations concerning the
reactions of a chiral a-alkoxy nitrile oxide with achiral alkenes: Kozi-
kowski, A, P.; Kitagawa, Y.; Springer, J. P. J. Chem. Soc., Chem. Com-
mun. 1983, 1460.

(13) Anh, N. T. Top. Curr. Chem. 1980, 88, 145. For other recent
examples of this effect, see: Roush, W. R.; Lesur, B. M. Tetrahedron
Lett. 1983, 24, 2231. Franck, R. W.; John, T. V.; Olejniczak, K.; Blount,
J. F. J. Am. Chem. Soc. 1982, 104, 1106.

(14) Johnson, F. Chem. Rev. 1968, 68, 375.

(15) Caramella, P.; Rondan, N. G.; Paddon-Row, M. N.; Houk, K. N.
J. Am. Chem. Soc. 1981, 103, 2438.
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do note, however, that since the acetate derivative of this
same alcohol has the lower lying o*., orbital,'® higher
diastereoselection should be observed with this derivative
in comparison with the silyl ether. That this is not the case
(Table II) does cast some doubt on the importance of
secondary antibonding orbital interactions in these reac-
tions. Such considerations do not require, however, that
we change our transition state picture for these cyclo-
addition processes.

Furthermore, NMR work by Bothner-By et al. suggests
that the minimum energy conformation of 3-methoxy-
propene is that in which the methoxy group eclipses the
carhon-carbon double bond.'” If we assume a similar
transition-state conformation B for 1 (or for 5), then a

i\

0~-N=C—R
steric approach controlled addition reaction to this con-
former leads to the same stereochemical result as predicted
by the anti-periplanar argument. For olefin 35, however,
a transition state resembling A (see D) would seem pref-
erable to one like B since the nonbonded interactions
should be minimized in the former.

While it would thus appear difficult to develop a general
(predictive) transition-state picture which can precisely
accommodate all of these cycloaddition processes,'® the
high stereoselectivity found in several of these reactions
can nonetheless be put to important synthetic use.

As regards the trans stereospecificity observed in the
metalation reaction, we suggest that this is solely a con-
sequence of steric effects. Internal chelation of the oxygen
bearing C-5 substituent to the lithiated “imine” anion
sterically shields the syn face of the isoxazoline as depicted
below.!® An intermediate such as C would also explain

the preference for introduction of the new alkyl group
opposite to this alkoxymethyl substituent when the 5-
position of the isoxazoline bears both an alkyl and an
alkoxymethyl group.

Furthermore, we call attention to the fact that these
3-(straight chain)-alkyl-substituted isoxazolines undergo
exclusive deprotonation at the 4-endo position rather than
at the 3’-exo position. Previous metalation studies of
isoxazolines were carried out on the 3-phenyl derivatives
in order to “exclude competing 3’-exo anion formation
shown to occur with 3-alkyl substituents present.”® We
have thus shown that such competition is not the case, and

(18) Viet, M. T. P.; Lessard, J.; Saunders, J. K. Tetrahedron Lett.
1979, 317.

(17) Bothner-By, A. A.; Castellano, S.; Ebersole, S. J.; Gunther, H. J.
Am. Chem. Soc. 1966, 88, 2466. Karabatsos, G. J.; Fenoglio, D. J. Top.
Stereochem. 1970, 5, 167.

(18) In a preprint of a paper provided to us by Professor Houk a
transition-state model is suggested in which the allylic oxygen assumes
an “inside” conformation during cycloaddition: Houk, K. N.; Moses, S.
R.; Wy, Y.-D.; Rondan, N. G,; Jager, V.; Schohe, R.; Franczek, R. J. Am.
Chem. Soc., submitted for publication.

(19) The shielding of the syn face of the isoxazoline is not always
exclusive, for 5-[(benzyloxy)methyl]-3-methylisoxazoline afforded a 94:6
ratio of anti and syn isomers, respectively, on metalation/methylation.
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Figure 1.

that therefore the isoxazoline ring oxygen must play a
decisive role in raising the kinetic acidity of the C-4
methylene group through its electron-withdrawing char-
acter.?

The difference in the degree of regioselection associated
with the cis and trans alkenes 35 and 37 also deserves
comment. For the cis olefin, cycloaddition probably occurs
through a transition state D resembling that shown below.

L

O-N=C—Et
-+

If the nitrile oxide were to add to this olefin such that the
oxygen end of the dipole becomes attached to the meth-
yl-bearing carbon, then nonbonded interactions between
the dioxolane ring methylene and the alkyl group of the
nitrile oxide would develop. In the trans case, however,
cycloaddition could well occur through that conformation
in which the acetonide oxygen eclipses the carbon—carbon
double bond. In this conformation, it appears to make no
difference sterically whether the oxygen end of the nitrile
oxide adds to the C-3 or C-4 carbon atom.?! The lack of
regiochemistry in the trans case is offset by the fact that
one can carry out a metalation/methylation reaction on
an isoxazoline like 24 so as to obtain exclusively the C-
4/C-5 trans-disubstituted product 25 (also see Scheme VI).

Et—-C=N-0
- =

Summary

The studies discussed herein provide the basic ground-
work necessary for the rational utilization of nitrile oxide
cycloaddition chemistry as a tool for handling problems
associated with acyclic stereocontrol. The reaction of a
nitrile oxide bearing an a-asymmetric center with an al-
kene bearing an allylic oxygen substituent provides an
isoxazoline which can be subjected to metalation/alkyla-
tion and hydrogenolysis to generate a 8-hydroxy ketone
of defined stereochemistry at its o/, @, 8, and v centers.
The utilization of this chemistry in the context of natural

(20) The 4-endo deprotonation preference was also observed with 5-
n-pentyl-3-methylisoxazoline thus barring the notion that the oxygen
substituent of the C-5 appendage is directing the course of the metalation
event. Other workers have, however, observed exclusive deprotonation
at the 3’-exo position when the metalation is carried out in a nonpolar
solvent (THF /n-hexane) without added HMPA: Shatzmiller, 8.; Shalom,
E,; Lidor, R.; Tartkovski, E. Liebigs Ann. Chem. 1983, 906. This result
may be a consequence of coordination of the base to the nitrogen lone
pair prior to proton removal.

(21) For some related observations regarding the regiochemistry of
nitrile oxide cycloadditions to cis- and trans-4-methyl-2-pentene, see:
Martin, S. F.; Dupre, B. Tetrahedron Lett. 19883, 24, 1337.
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products total synthesis is being explored (Figure 1).

Experimental Section

Infrared spectra were obtained on a Perkin-Elmer Model 247
spectrophotometer or a Beckman Model Acculab 4 spectropho-
tometer and are calibrated to a polystyrene absorption at 1602
em™!, Spectra were obtained as approximately 3% w/v solutions
in the solvent noted in 0.2-mm path NaCl microcavity cells (Barnes
Analytical Inc.) vs. pure solverit as reference, as neat thin films
between 25 X 4 mm NaCl disks (Wilkes) vs. air as reference, or
as approximately 1% w/w KBr disks (air reference). 'H NMR
were obtained on a Varian Model T-60A (60 MHz), Varian Model
EM-360 (60 MHz), Varian Model EM-390 (90 MHz), or on a
Britker Model WH-300 (300 MHz) spectrometer. Spectra were
obtained in the solvents noted and chemical shifts are reported
in ppm downfield from Me,Si as an internal reference (1% or
0.05% for FT) at & 0.000. Low-resolution mass spectra were
obtained on a LKB-9000 instrument operating at 15 or 70 eV
ionization potential unless otherwise noted. High-resolution
spectra were obtained on a Varian-MAT CH-5DF instrument by
peak matching. Optical rotations were determined on a Per-
kin-Elmer 241 polarimeter. Specific rotations are reported as [a]p
in units of degrees. Melting points were determined on a
Thomas-Hoover Unimelt capillary melting point apparatus. All
reported values are uncorrected. Elemental analyses were carried
out at Galbraith Laboratory, Knoxville, TN. Silica column
chromatography was performed with Merck silica gel 60 (70-230
mesh ASTM), or with SilicAR CC-7 (Mallinckrodt). Thin-layer
chromatography was performed on Merck silica gel 60 F-254 (0.25
mm, precoated on glass or 0.2 mm precoated on aluminum).
Experimental procedures have not been provided for the prep-
aration of lactones 11 and 12, or for the initial metalation—al-
kylation studies, since these procedures are closely related to those
reported for the blastmycinone synthesis.

Reaction of (+)-(S)-Isopropylidene-3-butene-1,2-diol with
Propionitrile Oxide. To a solution of 200 mg (1.56 mmol) of
1, 347 mg (3.9 mmol) of nitropropane, and 0.1 mL of triethylamine
in 5 mL of dry benzene at room temperature was added by means
of a motor driven syringe over a 5-h period a solution of 780 mg
(6.55 mmol) of phenyl isocyanate in 3 mL of benzene. The reaction
mixture was stirred for an additional 2 h, diluted with 10 mL of
water, stirred for 4 h, and filtered. The layers were separated,
and the aqueous phase was extracted with benzene. The combined
organics were dried (MgSO,) and concentrated. The crude
product was chromatographed on silica gel with 25% ethyl ace-
tate—hexanes as eluent to furnish 258 mg (83.1%) of a 90:10
mixture of diastereomers which can be separated by careful
chromatography: IR (thin film) 2980, 2910, 1420, 1350, 1250, 1125,
1050, 940 cm™}; 'H NMR (CDCl) 6 1.17 (t, 3 H, J = 7.48 Hz), 1.34
(s, 3 H), 1.42 (s, 3 H), 2.37 (q, 2 H, J = 7.48 Hz), 2.82-3.12 (im,
2 H), 3.70-4.30 (m, 3 H), 4.47 (ddd, 1 H, J = 10.30, 7.68, 6.26 Hz,
major), 4.62 (ddd, 1 H, J = 10.81, 7.88, 4.85 Hz, minor); mass
spectrum (15 eV), m/z 199 (M*), 184 (M* - CHj,), 169, 147, 142,
101. Anal. Caled for C;¢H;;O3N: C, 80.28; H, 8.60; N, 7.03.
Found: C, 60.03; H, 8.55; N, 7.12.

Reaction of (+)-(S)-Isopropylidene-3-butene-1,2-diol with
Carbethoxyformonitrile Oxide. Ethyl chlorooximinoacetate®
(1.419 g, 9.37 mmol) was added to a solution of (+)-(S)-iso-
propylidene-3-butene-1,2-diol (1.00 g, 7.81 mmol) in 25 mL of
diethy! ether. The resulting mixture was stirred for 10 min at
room temperature, and a solution of sodium carbonate (993 mg,
9.37 mmol) in water (15 mL) was added dropwise from a motor
driven syringe over a period of 5 h. When the addition was
completed the solution was allowed to stir for an additional 30
min. The layers were separated, and the aqueous phase was
extracted with ether (2 X 15 mL). The combined organic fractions
were washed with water, dried over anhydrous MgSQ,, filtered,
and concentrated in vacuo. The crude material was purified by
column chromatography on silica gel (25% ethyl acetate~hexanes)
to yield 1.336 g (70.8%) of a 4:1 diastereomeric mixture of isox-
azolines which were separated by a second chromatography.

Major isomer: R;0.31 (silica gel, 256% ethyl acetate—hexanes);
IR (thin film) 2950, 2910, 1740, 1610, 1475, 1370, 1330, 1250, 1200,
1060, 920 em™'; TH NMR (CDCly) 6 1.33 (s, 3 H), 1.35 (t, 3 H, J
= 7.07 Hz), 1.41 (s, 3 H), 3.23 (dd, 1 H, J = 17.98, 7.60 Hz), 3.30
(dd, 1 H, J = 17.98, 10.30 Hz), 3.87 (m, 1 H), 4.12 (m, 2 H), 4.34
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(q, 2 H, J = 7.07 Hz), 4.73 (ddd, 1 H, J = 10.3, 7.60, 6.46 Hz);
13C NMR (CDCl,) 6 14.1, 25.1, 26.7, 36.1, 62.1, 66.9, 75.7, 83.6,
110.0, 151.8, 160.4; mass spectrum (15 eV), m/z 228 (M* - CHy),
198, 156, 140, 115; [a]#p +95.1° (¢ 1.88, CHCly); exact mass caled
for C,oH,,O5N 228.2267, found 228.2254.

Minor isomer: R;0.16; IR (thin film) 2975, 2910, 1720, 1600,
1350, 1260, 1120, 1020, 940 cm™; *H NMR (CDCl,) 6 1.36 (s, 3
H), 1.37 (t,3 H, J = 7.07 Hz), 1.43 (s, 3 H), 3.13 (dd, 1 H, J =
17.78, 8.50 Hz), 3.27 (dd, 1 H, J = 17.78, 11.52 Hz), 3.87 (dd, 1
H, J = 8.89, 6.23 Hz), 4.08 (dd, 1 H, J = 8.69, 6.87 Hz), 4.28 (m,
1H),4.35(q, 2 H, J = 7.07 Hz), 4.85 (ddd, 1 H, J = 11.5, 8.49,
4.24 Hz); mass spectrum, (15 eV) m/z 228 (M* - CH,), 200, 198,
156, 140, 115; [a)*p -93.6° (c 0.692, CHCly).

(3S,4R)-Methyl 4,5-O-Isopropylidene-3,4,5-trihydroxy-
pentanoate (2). To a 50-mL, round-bottomed flask equipped
with a high efficiency reflux condenser was added the above
(major) isoxazoline (260 mg, 1.07 mmol), 10% sodium hydroxide
(15 mL), and a few drops of ethanol (enough to produce a ho-
mogeneous solution). The resulting mixture was stirred at room
temperature for 1 h, and then water (3 mL) was added. The
reaction mixture was refluxed for 8 h, at which time the evolution
of ammonia had ceased (detected by holding a piece of pH paper
at the top of reflux condenser). The reaction mixture was cooled
to 0 °C, acidified carefully to a pH of 3 with 10% HC], saturated
with sodium chloride, and extracted with ethyl acetate. The
combined extracts were dried with anhydrous MgSO0,, filtered,
and concentrated in vacuo. The resulting acid was converted to
its methyl ester by treatment with diazomethane in ether. The
crude 8-hydroxy ester was further purified by column chroma-
tography on silica gel (25% ethyl acetate-hexanes) to give 161
mg (73.7%) of -hydroxy methyl ester 2: R;0.18 (silica gel, 25%
ethyl acetate—hexanes); IR (thin film); 3450, 2980, 2925, 1725, 1445,
1360, 1260, 1215, 1050, 865 cm™; 'H NMR (CDCly) 6 1.30 (s, 3
H), 1.38 (s, 3 H), 2.45 (dd, 1 H, J = 16.58, 8.49 Hz), 2.69 (dd, 1
H, J = 16.58, 2.52 Hz), 3.25 (br s, 1 H), 3.80 (s, 3 H), 3.95 (m, 3
H), 4.05 (m, 1 H); mass spectrum (15 eV), m/z 205 (M* + 1), 189
(M* - CHy), 173, 157, 147, 129, 115; [a]%p ~11.2° (c 0.602, CH,Cl,);
exact mass caled for CoH,40;3 — CH; 189.1885, found 189.1884.

(3S,4R)-Methyl 4,5-0-Isopropylidene-3-acetoxy-4,5-di-
hydroxypentanoate. To a solution of the 8-hydroxy ester 2 (134
mg, 0.66 mmol) in 1 mL of triethylamine was added acetic an-
hydride (149 mg, 1.45 mmol) and 0.1 mg of 4-(dimethylamino)-
pyridine. The resulting mixture was stirred under an argon
atmosphere for 4 h at room temperature, and then extracted (2
X 10 mL) with ethyl acetate. The combined extracts were washed
with 5% HCI, 5% NaHCOQ;, and water, dried over MgSQ,, and
concentrated in vacuo. The crude product (yellow syrup) was
purified by column chromatography on silica gel with 25% ethyl
acetate-hexanes as eluent to give 138 mg (85.4%) of the title
compound as a colorless oil: Ry 0.25 (silica gel, 25% ethyl ace-
tate—hexanes); IR (thin film) 2990, 2915, 1740, 1440, 1360, 1230,
1150, 1060, 940, 850 cm™%; 'H NMR (CDCl,) 6 1.33 (s, 3 H), 1.40
(s, 3H), 2.06 (s, 3 H), 2.63 (dd, 1 H, J = 15.96, 7.88 Hz), 2.71 (dd,
1H, J = 15.96, 4.45 Hz), 3.68 (s, 3 H), 3.78 (dd, 1 H, J = 8.69,
5.46 Hz), 4.05 (dd, 1 H, J = 8.69, 6.67 Hz), 4.25 (m, 1 H), 5.25
(m, 1 H); mass spectrum (15 eV), m/z 231, 157, 111, 101, 43; [«]*p
-10.25° (C 0.6, CHzclz); exact mass caled for CllH1806 - CHg
231.2274, found 231.2274.

(4S,5R)-4-Hydroxy-5-(hydroxymethyl)-4,5-dihydro-
furan-2(3H)-one. To 101 mg (0.49 mmol) of 2 in a 10-mL
round-bottomed flask was added 2.5 mL of trifluoroacetic acid
and 0.25 mL of water. The resulting solution was stirred at room
temperature for 2 h, and the solvent was removed in vacuo to give
a yellow syrup. The crude material was purified by column
chromatography on silica gel (10% MeOH-CHCI;) to yield 54.3
mg (83.1%) of the title compound as a colorless oil: IR (thin film)
3500, 2990, 2910, 2850, 1740, 1405, 1260, 1150, 850 cm™}; 'H NMR
(D,0) §2.24 (dd, 1 H, J = 18.70, 2.72 Hz), 2.71 (dd, 1 H, J = 18.70,
6.77 Hz), 3.43 (dd, 1 H, J = 12.83, 4.34 Hz),3.53 (dd, 1 H, J =
12.83, 3.03 Hz), 4.05-4.28 (m, 2 H); mass spectrum (15 eV), m/z
114 (M* - H,0), 101, 95, 79, 50; [a)?p —7.8° (c 0.506, H;0). Anal.
Caled for CsHgO,: C, 45.40; H, 6.10. Found: C, 45.38; H, 6.25.

(4S,5R)-4-Acetoxy-5-(hydroxymethyl)-4,5-dihydrofuran-
2(3H)-one. A mixture of the acetate of 2 (110 mg, 0.44 mmol),
2 mL of trifluoroacetic acid, and four drops of water were stirred
for 2 h at room temperature. The solvent was removed by rotary



Diastereofacial Selection Cycloaddition Reactions

evaporation to give a yellow syrup. The crude product was purified
by column chromatography on silica gel with 80% ethyl ace-
tate-hexanes as eluent to afford 55 mg (70.6%) of the ribono-
lactone derivative as a colorless syrup: IR (thin film) 3450, 2960,
2920, 1785, 1740, 1380, 1240, 1160, 1090, 1040, 940 cm™; 'H NMR
{CDCly) 6 2.07 (s, 3 H), 2.55 (dd, 1 H, J = 18, 2.50 Hz), 2.95 (dd,
1H, J = 18, 7 Hz), 3.40~3.60 (m, 1 H), 3.85 (d, 2 H, J = 2.50 Hz),
4.40-4.60 (m, 1 H), 5.20-5.50 (m, 1 H); mass spectrum (15 eV),
m/z 175 (M* + 1), 143 (M* - CH,0H), 84, 83, 53; [a]*p, -12° (¢
0.75, CHQClz); exact mass caled for C7H1005 - CHzOH 143.0344,
found 143.0345.
(48,5R)-4-[[(1,1-Dimethylethyl)dimethylsilylJoxy]-5-
[[[(1,1-Dimethylethyl)dimethylsilylJoxy]methyl]-4,5-di-
hydrofuran-2(3H)-one. To a solution of 30 mg (0.227 mmol)
of 2-deoxy-D-ribonolactone in 3 mL of dry methylene chloride was
added imidazole (47.8 mg, 0.703 mmol) and tert-butyldimethylsilyl
chloride (106 mg, 0.703 mmol). The resulting mixture was stirred
under a nitrogen atmosphere at room temperature overnight and
then poured into water (3 mL). The layers were separated and
the aqueous phase was extracted with methylene chloride (2 X
5 mL). The combined organic extracts were washed with 5% HCl
and brine, dried over MgSO,, and concentrated. The crude
product was further purified by column chromatography on silica
gel with 256% ethyl acetate—hexanes as eluent to yield 80 mg
(97.8%) of the silyl ether as white crystals: mp 76 °C; IR (CCl,)
2980, 2850, 1770, 1450, 1350, 1250, 1155, 1100, 1000, 960, 870 cm™;
!H NMR (CDCl;) 4 0.10 (s, 12 H), 0.88 (s, 18 H), 2.38 (dd, 1 H,
J =17.68, 2.52 Hz), 2.82 (dd, 1 H, J = 17.68, 6.67 Hz), 3.75 (dd,
1H,J =11.42,2.52 Hz), 3.81 (dd, 1 H, J = 11.42, 3.23 Hz), 4.34
(m, 1 H), 4.52 (ddd, 1 H, J = 6.87, 2.52, 2.22 Hz); mass spectrum
(15 V), m/z 345 (M* - CHy), 303, 273, 261, 231, 147, 125; [a]*p
+3.8° (¢ 0.106, CHCls); exact mass caled for C,;Hz50,Si; - CH,
345.1917, found 345.1912.
3,5-Bis[[(1,1-dimethylethyl)dimethylsilyl}joxy]-2-deoxy-
D-ribose. A solution of the above ribonolactone derivative (25
mg, 0.069 mmol) in 3 mL of dry toluene was cooled to ~78 °C and
treated dropwise with 0.14 mL (0.112 mmol) of a 0.8 M solution
of diisobutylaluminum hydride in hexanes. After 1 h at -78 °C,
the reaction mixture was quenched by the slow addition of 1.5
mL of 10% citric acid and warmed to room temperature. The
layers were separated, and the aqueous layer was extracted with
ethyl acetate (2 X 5 mL). The combined organic extracts were
washed with saturated NaHCO; and brine, dried over MgSO,,
and concentrated to give an oil. The product was purified by
column chromatography on silica gel with 25% ethyl acetate—~
hexanes as eluent to yield 23 mg (91.6%) of the title compound:
IR (thin film) 3450, 2990, 2850, 1420, 1305, 1215, 1090, 990 cm™;
'H NMR (CDCly) 6 0.10 (s, 12 H), 0.89 (s, 18 H), 1.85-2.18 (m,
2 H),3.32(dd, 1 H, J = 10.71, 7.07 Hz), 3.63 (dd, 1 H, J = 10.71,
4.04 Hz), 3.57-3.90 (m, 3 H), 4.05 (m, 1 H), 4.22 (dd,1 H, J =
7.47, 4.04 Hz), 4.40 (d, 0.8 H, J = 4.65 Hz), 4.52 (m, 0.2 H), 5.40
(dd, 0.8 H, J = 10.6, 4.35 Hz), 5.48 (m, 0.2 H); mass spectrum (15
eV), m/z 305 (M* - C,Hy), 303, 286, 261, 231, 215, 213, 189, 175;
[a]®p +28.6° (c 0.096, MeOH, after 8 h); exact mass caled for
CI7H3304Si2 - C4H9 305.5456, found 305.5451.
2-Deoxy-N-phenyl-3,5-bis[[(1,1-dimethylethyl)dimethy]-
silylJoxy]-D-erythro-pentosylamine. An aniline solution was
prepared by mixing aniline (1.0 mL), ethanol (1.2 mL), and water
(3.5 mL) at room temperature. To 0.5 mL of this solution was
added 18 mg (0.0497 mmol) of the above deoxyribose derivative,
and the resulting mixture was kept in the refrigerator at 4 °C
overnight. The solvent was removed in vacuo, and the residue
was extracted with ethyl acetate. The combined extracts were
washed with 5% hydrochloric acid, saturated sodium bicarbonate,
and brine, dried over MgSO,, and concentrated to give a yellow
syrup. The product was purified by column chromatography on
silica gel with 25% ethyl acetate—hexanes as eluent to yield 17.2
mg (79.2%) of the anilide as a yellow oil: R;0.71; IR (thin film)
3300, 3010, 2990, 2850, 1600, 1590, 1460, 1350, 1325, 1250, 1050,
1000, 940 cm™; *H NMR (CDCI;) 6 0.06 (s, 12 H), 0.89 (s, 18 H),
1.85-2.35 (m, 2 H), 3.25-4.55 (m, 4 H), 5.30~5.75 (m, 2 H), 6.80-7.25
(m, 5 H); mass spectrum (15 eV), m/z 437 (M"), 411, 380, 337,
305, 287, 261; [w]®p +19.9° (c 0.406, MeOH, after 8 h); exact mass
caled for CyH,303NSi; 437.7760, found 437.7758.
(3R 48 ,5R)-4-Hydroxy-5-(hydroxymethyl)-3-methyl-4,5-
dihydrofuran-2(3H)-one (28a). The experimental procedures
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required to transform 24 into 27 are essentially identical with those
reported for blastmycinone. To a solution of 15.3 mg (0.075 mmol)
of the g-hydroxy acid 27 in 0.25 mL of water was added 1.0 mL
of trifluoroacetic acid. After 2 h at room temperature the solvent
was removed by rotary evaporation to leave a yellow syrup. The
crude material was chromatographed on silica gel with 10%
methanol-chloroform as eluent to yield 8.6 mg (87%) of 28a as
a colorless oil: IR (thin film) 3500, 2980, 2920, 1735, 1425, 1300,
1280, 1160, 910 cm™; 'H NMR (CDCl,) 6 1.16 (d, 8 H, J = 7.3
Hz), 2.98 (dq, 1 H, J = 9.70, 7.40 Hz), 3.60-4.10 (m, 3 H), 4.20
(m, 1 H), 4.52 (m, 2 H); [a)?p +8.8° (c 0.103, H;0) [lit.° [«]®,
+10.1° (C 0-54, Hzo)]. Anal. Calcd for CsH1004: C, 49.31, H, 6.92.
Found: C, 49.48; H, 6.89.

5-[1-[[(1,1-Dimethylethyl)dimethylsilyl]oxylethyl]-3-
[[(tetrahydro-2H -pyran-2-yl)oxy]methyl]-4,5-dihydro-
isoxazole (6). To a stirred solution of 1.00 g (5.37 mmol) of the
tert-butyldimethylsilyl ether of 3-buten-2-ol, 1.141 g (6.52 mmol)
of the tetrahydropyranyl ether of 2-nitroethanol, and 0.2 mL of
triethylamine in 15 mL of dry benzene at room temperature was
added dropwise a solution of 1.596 g (13.4 mmol) of phenyl iso-
cyanate in 2 mL of benzene over a period of 5 h. The reaction
mixture was stirred for an additional 2 h, diluted with 15 mL of
water, stirred for 4 h, and filtered. The layers were separated
and the aqueous layer was extracted with benzene (2 X 15 mL).
The combined organic extracts were dried (Na,SO,) and con-
centrated. The crude product was purified by flash chromatog-
raphy on silica gel with 20% ethyl acetate-hexanes as eluent to
yield 1.543 g (83.7%) of a 81:19 mixture of diastereomers: IR (thin
film) 2990, 1460, 1370, 1325, 1250, 1200, 910, 880 cm™’; *H NMR
(CDCl,) -5 0.001 (s, 6 H), 0.88 (8, 9 H), 1.10 (d, 3 H, J = 6.25 Hz),
1.40-1.90 (m, 6 H), 2.80-3.20 (m, 2 H), 3.52 (m, 1 H), 3.92 (m,
2 H), 4.20-4.60 (m, 3 H), 4.65 (m, 1 H); mass spectrum (15 eV),
m/z 286 (M* - C,Hy), 260, 258, 243, 192, 160; exact mass calcd
for Cl7H33NO4Si - C4H9 286.1475, found 286.1476.

5-[1-(Benzyloxy)ethyl]-3-[[(tetrahydro-2H-pyran-2-yl)-
oxy]methyl}-4,5-dihydroisoxazole (7). To a solution of 600 mg
(1.75 mmol) of 6 in 10 mL of THF was added 2.1 mL (2.1 mmol)
of tetra-n-butylammonium fluoride in THF. The mixture was
stirred 2 h at room temperature and concentrated by rotary
evaporation. The residue was extracted with ethyl acetate and
washed with a saturated sodium chloride solution. The organic
extract was dried over MgSO, and concentrated. The crude
product was purified by flash chromatography on silica gel with
50% ethyl acetate—hexanes as eluent to yield 385 mg (96.3%) of
an inseparable mixture (81:19) of diastereomers: IR (thin film)
3450, 2990, 1460, 1370, 1325, 1250, 960 cm™; 'H NMR (CDCl;)
6 1.15 (d, 3 H, J = 6.26 Hz, major), 1.22 (d, 3 H, J = 6.20 Hz,
minor), 1.45-1.92 (m, 6 H), 2.10-2.90 (br s, 1 H), 3.10 (m, 2 H),
3.52 (m, 1 H), 3.85 (m, 1 H), 4.05 (m, 1 H), 4.29 (dd, 1 H, J = 12.75,
5.30 Hz), 4.43 (dd, 1 H, J = 12.75, 6.37 Hz, major), 4.52 (m, 2 H,
minor), 4.68 (m, 1 H).

To 350 mg (1.53 mmol) of the above alcohol in 12.5 mL of dry
THF was added 55 mg (2.29 mmol) of NaH (washed with dry
benzene thrée times) at room temperature. The reaction mixture
was stirred at room temperature for 1 h, and then benzyl bromide
(0.5 mL, 4.2 mmol) and tetra-n-butylammonium iodide (10 mg)
were added. After 3 h, the solvent was removed by rotary
evaporation, brine was added, and the mixture was extracted with
ethyl acetate. The combined extracts were dried (MgSO,) and
concentrated. The crude product was purified by column chro-
matography on silica gel with 25% ethyl acetate—hexanes as eluent
to furnish 478 mg (91%) of a 4:1 mixture of 29 and 30: R,0.31;
IR (thin film) 3010, 2990, 2880, 1610, 1490, 1360, 1310, 1025, 960
cml; tH NMR (CDCLy) 6 1.18 (d, 3 H, J = 6.26 Hz, major), 1.21
{d, 3 H, J = 6.20 Hz, minor), 1.40-1.91 (m, 6 H), 2.85-3.20 (m,
2 H), 8.50-3.90 (m, 3 H), 4.25-4.80 (multiplets, 6 H), 7.31 (m, 5
H); mass spectrum (15 eV), m/z 275, 234 (M* - C;H,0), 218, 201,
200, 191, 147, 135; exact mass caled for CigHys0,N - C;HO
234.1130, found 234.1130.

trans-4-n-Butyl-5-[1-(benzyloxy)ethyl]-3-[[ (tetrahydro-
2H-pyran-2-yl)oxy]methyl]-4,5-dihydroisoxazole (29 and 30).
To a solution of 0.2 mL (1.43 mmol) of diisopropylamine in 10
mL of dry THF at 0 °C was added 1.1 mL (1.39 mmol) of a 1.27
M solution of n-butyllithium in hexane. The solution was cooled
to —65 °C after 15 min and 0.45 mL (3.66 mmol) of HMPA was
added. After 30 min 301 mg (0.943 mmol) of isoxazoline 7 (+
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isomer) in 4 mL of THF was added over 15 min. The mixture
was stirred for 30 min at -85 °C, and then it was cooled to -78
°C. After 2 h 0.4 mL (3.51 mmol) of n-butyl iodide was added.
The reaction mixture was stirred at ~78 °C for 30 min, then
warmed to room temperature, and extracted with ethyl acetate
(2 %). The combined organic extracts were washed with brine,
dried over MgSO,, and concentrated by rotary evaporation. The
crude product was purified by column chromatography on silica
gel with 25% ethyl acetate-hexanes as eluent to yield 253 mg
(71.5%) of a mixture of diastereomers: IR (thin film) 3010, 2920,
1500, 1460, 1350, 1245, 1160, 1100, 1040, 960 cm™; 'H NMR
(CDCly) 6 0.91 (m, 3 H), 1.22 (d, 3 H, J = 6.2 Hz, major), 1.24
(d, 3 H, J = 6.3 Hz), 1.26-1.92 (m, 12 H), 3.32 (m, 1 H), 3.65 (m,
2 H), 3.82 (m, 1 H), 4.20~4.80 (m, 6 H), 7.32 (m, 5 H); mass
spectrum (15 eV), m/z 376 (M* + 1), 330, 302, 290 (M* - C;H,0),
260, 246, 240, 217; exact mass caled for CyHg,0,N ~ C,H,O
290.1756, found 290.1756.

Preparation of the 3-Hydroxy Ketones 31 and 32. To a
solution of the isoxazolines 29 and 30 (253 mg, 0.67 mmol) in 10
mL of a 5:1 methanol-water mixture was added 1.0 mL (1.00
mmol) of a 1.0 M solution of boron trichloride in methylene
chloride and 5 mg of W-2 Raney nickel (deactivated by refluxing
with acetone for 1 h).?? The reaction mixture was stirred under
a balloon filled hydrogen atmosphere for 2 h and then filtered
through Celite. The filtrate was diluted with 10 mL of a saturated
NaHCOQj solution, concentrated to a small volume, and extracted
with ethyl acetate (3 X). The combined organic extracts were
washed with brine, dried over MgSO,, and concentrated. The
crude product was purified by column chromatography on silica
gel with 25% ethyl acetate-hexanes as eluent to yield 243 mg
(95.3%) of a 4:1 mixture of 8-hydroxy ketones which were sep-
arated by a second column chromatography.

31 (major isomer): R,0.32 (silica gel, 25% ethyl acetate—hex-
anes); IR (thin film) 3450, 3010, 2980, 1725, 1500, 1450, 1360, 1260,
1190, 910, 870 cm™!; 'H NMR (CDCl;) 4 0.88 (m, 3 H), 1.32 (d,
3 H, J = 6.52 Hz), 1.25-1.93 (m, 12 H), 2.95 (m, 1 H), 3.31-3.82
(m, 5 H), 410 (d, 1 H, J = 17.92, major), 422 (d,2 H, J = 1.61
Hz, minor), 4.32 (d, 1 H, J = 17.92 Hz, major), 443 (d, 1 H, J
= 11.52 Hz, major), 4.51 (m, 1 H, minor), 4.61 (d,1 H, J = 11.6
Hz, major), 4.62 (m, 1 H, major), 7.32 (s, 5 H); mass spectrum
(15 eV), m/z 378 (M*), 348, 294, 293 (M* - CsH,0), 277, 263, 243,
187; exact mass caled for CyHyO5 ~ CsHyO 293.1753, found
293.1753.

32 (minor isomer): R; 0.23 (silica gel, 26% ethyl acetate~
hexanes); IR (thin film) 3450, 3105, 2980, 2880, 1725, 1520, 1460,
1300, 1250, 1140, 940, 880 cm™!; 'H NMR (CDCl,) 6 0.85 (m, 3
H), 1.29 (d, 3 H, J = 6.47 Hz), 1.15~1.92 (m, 12 H), 2.90 (m, 2 H),
3.41-3.88 (m, 4 H), 4.05-4.32 (m, 2 H), 439 (d, 1 H, J = 12.09
Hz), 4.58 (m, 1 H), 4.68 (d, 1 H, J = 12.09 Hz), 7.35 (s, 5 H); mass
spectrum (15 eV), m/z 348, 294, 293 (M* ~ CsH,0), 277, 263, 242,
217, 187; exact mass caled for CgoHg,05 — CsH,0 293.1753, found
293.1751.

(2SR ,3RS ,4SR)-4-(Benzyloxy)-2-butyl-3-hydroxy-
pentanoic Acid and (2SR ,3RS,4SR)-Methyl 4-(Benzyl-
oxy)-2-butyl-3-hydroxypentanoate. To a solution of the major
hydroxy ketone (189 mg, 0.502 mmol) in 3 mL of methanol was
added a solution of HzIOg (67.3 mg, 2.5 mmol) in 0.5 mL of water.
The resulting mixture was stirred overnight, concentrated by
rotary evaporation, and extracted with ethyl acetate. The com-
bined extracts were washed with brine, dried over MgSO,, and
concentrated. The crude product was purified by chromatography
on silica gel with 35% ethyl acetate-hexanes as eluent to yield
87.9 mg (59.5%) of the methyl ester and 52.3 mg (37.2%) of the
B-hydroxy acid.

B-Hydroxy acid: IR (thin film) 3500-2900 (br), 1705, 1450, 1300,
1220, 1010, 960 cm™}; 'H NMR (CDCly) 6 0.89 (m, 3 H), 1.09~1.89
(m, 6 H), 1.23 (d, 3 H, J = 6.21 Hz), 2.55 (m, 1 H), 3.42 (dq, 1
H,J=6.1,52Hz),3.85(dd,1 H,J =6.1,5.2 Hz), 4.33 (d, 1 H,
J =11.06 Hz), 4.52 (d, 1 H, J = 11.06 Hz), 7.26 (s, 5 H).

B-Hydroxy ester: IR (thin film) 3500, 3010, 2980, 1740, 1500,
1450 cm™; 'H NMR (CDCl;) 6 0.88 (m, 3 H), 1.10-1.92 (m, 6 H),

(22) Autrey, R. L.; Scullard, P. W, J. Am. Chem. Soc. 1968, 90, 4917.
The use of deactivated Raney nickel for the selective hydrogenolysis of
an isoxazoline was first employed in a synthesis of PGF,,: Kozikowski,
A. P,; Stein, P. D. J. Org. Chem. 1984, 49, 2301.

Kozikowski and Ghosh

1.25 (d, 8 H, J = 6.47 Hz), 2.55 (m, 1 H), 3.44 (m, 1 H), 3.71 (s,
3 H),3.85(dd, 1 H, J = 6.27, 5.40 Hz), 4.28 (d, 1 H, J = 12.01
Hz), 4.48 (d, 1 H, J = 12.06 Hz), 7.30 (s, 5 H).

(2SR, 3RS ,4SR)-2-Butyl-3,4-dihydroxypentanoic Acid
1,4-Lactone [(+)-epi-Blastmycinolactol (33)]. To a solution
of the above 8-hydroxy ester (80 mg, 0.272 mmol) in 3.0 mL of
methanol was added 35 mg of 10% Pd on carbon and 3 drops of
concentrated HCl. The reaction mixture was stirred under a
balloon filled hydrogen atmosphere for 2 h at room temperature.
The mixture was filtered through a pad of Celite and concentrated
to a small volume. The residue was diluted with 5 mL of brine
and extracted with ethyl acetate. The combined extracts were
dried (MgSO,) and concentrated, and the crude product was
purified by column chromatography on silica gel with 50% ethyl
acetate-hexanes as eluent to yield 40.8 mg (87.2%) of epi-
blastmycinolactol as a colorless oil: IR (thin film) 3500, 2980, 1760,
1450, 1160, 1025 cm™!; 'H NMR (CDCly) 6 0.93 (m, 3 H), 1.35 (d,
3 H, J = 6.87 Hz), 1.35-1.92 (m, 6 H), 2.60 (m, 1 H), 4.22 (m, 1
H), 4.52 (dd, 1 H, J = 13.34, 6.67 Hz); mass spectrum (15 eV),
m/z 172 (M%), 155,148, 129, 117, 116, 100, 99; exact mass caled
for CgH 504 172.1099, found 172.1104.

(2RS,3RS,4SR)-2-Butyl-3,4-dihydroxypentanoic Acid
1,4-Lactone [(+)-Blastmycinolactol]. To a solution of 21 mg
(0.12 mmol) of epi-blastmycinolactol in 2 mL of methanol was
added 2 drops of a freshly prepared sodium methoxide solution
(obtained by dissolving 1 mg of sodium in 1.2 mL of methanol).
The mixtire was stirred overnight at room temperature, acidified
to a pH of 3 by the addition of dilute HC], and extracted with
ethyl acetate. The extracts were washed successively with sat-
urated NaHCO; and brine, dried over Na,SO,, and concentrated
to give a 2.3:1 mixture of blastmycinolactol and the starting
lactone. The mixture was separated by HPLC with 25% ethyl
acetate-hexanes as eluent to yield 7.0 mg of 33 and 12.8 mg (91.4%
based on recovered starting material) of blastmycinolactol: mp
49.5-51 °C; IR (CCly) 3450, 2925, 1740, 1450, 1220, 1160, 1025,
960 em™'; '"H NMR (CDCl;) 6 0.90 (m, 3 H), 1.13-1.97 (m, 6 H),
1.45(d, 3 H, J = 6.2 Hz), 2.58 (m, 1 H), 3.84 (dd, 1 H, J = 8.5
Hz) 4.25 (dq, 1 H, J = 7.0 Hz); mass spectrum (15 eV), m/z 172
(M%), 155, 141, 129, 117, 100; exact mass calcd for CoHgqO4
172.1099, found 172.1100.

(2RS,3RS 4SR)-2-Butyl-4-hydroxy-3-(isovaleryloxy)pen-
tanoic Acid 1,4-Lactone [(+)-Blastmycinone (34)]. To a so-
lution of 12.8 mg (0.074 mmol) of blastmycinolactol in 0.5 mL
of dry pyridine was added a solution of 29.1 mg (0.156 mmol) of
isovaleric anhydride in 0.2 mL of pyridine. The mixture was
stirred at room temperature for 24 h, and additional isovaleric
anhydride (29.1 mg in 0.2 mL of pyridine) was added. After a
further 3 days at room temperature 5 mL of water was added,
and the reaction mixture was extracted with ether. The ether
extracts were washed successively with 5% hydrochloric acid, 5%
NaHCOj,, and brine, dried over MgSO,, and concentrated. The
crude product was purified by column chromatography on SilicAR
CC-7 with 25% ethyl acetate—hexanes as eluent to give 17.9 mg
(93.9%) of ()-blastmycinone as a colorless oil. An analytical
sample was prepared by HPLC purification: IR (thin film) 2910,
1785, 1745, 1470, 1260, 1180, 1120, 1040, 960 cm™!; 1H NMR
(CDCly) 6 0.90 (m, 3 H), 0.98 (d, 6 H, J = 6.47 Hz), 1.25-2.30 (m,
9 H),1.45 (d, 3 H, J = 6.50 Hz), 2.70 (m, 1 H), 4.37 (dq, 1 H, J
= 6.67, 4.60 Hz), 4.95 (dd, 1 H, J = 5.70, 4.60 Hz); mass spectrum
(16 V), m/z 256 (M*), 241 (M* - CH,), 200, 184, 155, 154; exact
mass caled for C,,H,,0, — CH; 241.1440, found 241.1432.

(2SR, 3RS ,4SR)-2-Butyl-4-hydroxy-3-(isovaleryloxy)pen-
tanoic Acid 1,4-Lactone [(+)-epi-Blastmycinone]. A proce-
dure identical with that described above was employed for the
preparation of (%)-epi-blastmycinone. The crude product was
purified on silica gel with 25% ethyl acetate~hexanes as eluent
to give 10.2 mg (81.3%) of a 2:1 mixture of epi-blastmycinone
and blastmycinone. An analytical sample was prepared by HPLC
separation on a silica gel column with 20% ethyl acetate-hexanes
as eluent: IR (thin film) 2910, 1880, 1760, 1465, 1245, 1200, 1180,
1110, 1050, 980 cm™; 'H NMR (CDCl,) 6 0.95 (m, 9 H), 1.21-2.45
(m, 9 H), 1.40 (d, 3 H, J = 6.87 Hz, major), 1.46 (d,3 H, J = 6.55
Hz, minor), 3.72 (m, 1 H), 4.37 (dq, 1 H, J = 6.67, 4.60 Hz, minor),
4.49 (m, 1 H, major), 4.95 (dd, 1 H, J = 5.70, 4.62 Hz, minor), 5.14
(d, 1 H, J = 6.26 Hz); mass spectrum (15 eV), m/z 256 (M*), 241
(M* — CHj3), 200, 184, 183, 155, 154, 141; exact mass caled for
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C14H2404 - CHs 241.1440, found 241.1435.

Reaction of Cis Olefin 35 with Propionitrile Oxide. The
reaction was run on a 0.86-mmol scale in toluene as solvent at
90 °C (for other reaction variables, see the first experiment) to
obtain a 57% yield of 36 after chromatography on silica gel with
20% ethyl acetate-hexanes as eluent. This compound was found
to be >95% pure by HPLC analysis: IR (thin film) 2980, 2880,
1600, 1525, 1480, 1425, 1350, 1210, 1050, 960 cm™'; 'H NMR
(CDCly) 61.19 (t, 3 H, J = 7.48 H2), 1.21 (d, 3 H, J = 7.47 Hz),
1.36 (s, 3 H), 1.42 (s, 3 H), 2.24 (dq, 1 H, J = 15.76, 7.48 Hz), 2.43
(dq, 1 H, J = 15.76, 7.48 Hz), 3.28 (dq, 1 H, J = 9.09, 7.47 Hz),
3.98 (m, 1 H), 4.15-4.26 (m, 3 H), 4.31 (t, 1 H, J = 9.09 Hz); 13C
NMR (CDCl,) 6 10.8, 11.3, 19.8, 25.8, 26.9, 45.9, 68.1, 73.1, 83.4,
109.5, 165.2; mass spectrum (15 eV), m/z 213 (M*), 198 (M* -
CHj), 175, 138, 127; [a}%p -5.2° (c 0.321, CHCly); exact mass caled
for CqugNO;; - CH3 198.1130, found 198.1131.

(2R)-2-Methyl-3-[(tetrahydro-2H -pyran-2-yl)oxy]-
propan-1-ol (43). A solution of (S)-(+)-8-hydroxyisobutyric acid
(42) (1.0 g, 9.61 mmol), dihydropyran (2.19, 25 mmol), and py-
ridinium p-toluenesulfonate (753 mg, 3 mmol) in 15 mL of dry
methylene chloride was stirred at room temperature overnight.
The reaction mixture was diluted with 30 mL of ethyl ether and
washed with sodium bicarbonate and brine. The organic extracts
were dried (Na,SO,) and concentrated. The crude product was
chromatographed on silica gel with 15% ethyl acetate-hexanes
as eluent to afford 2.25 g (86%) of pure product: IR (thin film)
2925, 2880, 1750, 1350, 1220, 1050, 960 cm™; 'H NMR (CDCl,,
90 MHz) 6 1.20 (d, 3 H, J = 7.0 Hz), 1.30-2.30 (m, 12 H), 2.60
(m, 1 H), 3.10-3.95 (m, 6 H), 4.52 (m, 1 H), 5.85 (m, 1 H).

To a refluxing solution of the above ester (1.20 g, 4.41 mmol)
and sodium borohydride (359 mg, 9.5 mmol) in ¢t-BuOH (10 mL)
was added 3.5 mL of methanol over a period of 1.5 h. After stirring
for an additional hour, the reaction mixture was quenched with
a brine solution, concentrated to a small volume, and extracted
with ethyl acetate (3 X). The combined extracts were dried over
MgSO, and concentrated. The crude product was purified by
column chromatography on silica gel with 35% ethyl acetate—
hexanes as eluent to yield 607 mg (79.1%) of alcohol: IR (thin
film) 3500, 2910, 2880, 1450, 1325, 1160, 960, 830 cm™'; 'H NMR
(CDCl3) 6091 (d, 3 H, J = 6.80 Hz), 1.40-1.90 (m, 6 H), 2.05 (m,
1 H), 2.75 (br 1 H), 3.30-3.90 (m, 6 H), 4.61 (m, 1 H); mass
spectrum (15 eV), m/z 174 (M*), 173, 156.

(S)-1-(Benzyloxy)-2-methyl-3-nitropropane (44). To 500
mg (2.87 mmol) of alcohol 43 in 15 mL of dry THF was added
108 mg (4.5 mmol) of sodium hydride (washed with dry benzene
three times) at room temperature. The reaction mixture was
stirred at room temperature for 1 h, and then benzyl bromide (0.5
mL, 4.2 mmol) and tetra-n-butylammonium iodide (20 mg) were
added. After 3 h, the solvent was removed by rotary evaporation,
brine was added, and the mixture was extracted with ethyl acetate.
The combined extracts were dried and concentrated. The crude
mixture was purified by flash chromatography on silica gel with
15% ethyl acetate—-hexanes as eluent to furnish 727 mg (96%)
of the benzyloxy ether derivative as a colorless oil: IR (thin film)
3010, 2990, 1440, 1320, 1025, 980 cm™; 'H NMR (CDCl,) 6 1.02
(d, 3 H, J = 6.67 Hz), 1.45-1.90 (m, 6 H), 2.15 (m, 1 H), 3.30-3.93
(m, 6 H), 4.52 (br s, 2 H), 4.58 (m, 1 H), 7.38 (m, 5 H).

A solution of the above ether (600 mg, 2.27 mmol) and 75 mg
of pyridinium p-toluenesulfonate in 10 mL of ethanol was heated
at 55 °C for 3 h. When all the starting material was consumed,
the solvent was removed under reduced pressure and the residue
was extracted with ethyl acetate (8 X). The combined extracts
were dried (Na,S0,) and concentrated. The crude product was
purified by flash chromatography over silica gel with 25% ethyl
acetate-hexanes as eluent to yield 374 mg (91.6%) of the alcohol
as a colorless oil: IR (thin film) 3500, 3015, 2900, 1450, 1325, 1200,
1100, 1050 cm™; 'H NMR (CDCl;) 6 0.90 (d, 8 H, J = 7.03 Hz),
2.10 (m, 1 H), 3.42-3.71 (m, 5 H), 4.53 (s, 2 H), 7.39 (m, 5 H).

To a solution of 300 mg (1.66 mmol) of the preceding alcohol
in 3 mL of pyridine at 0 °C was added 477 mg (2.5 mmol) of
p-toluenesulfonyl chloride. After stirring at 0 °C for 1 h, the
mixture was chilled in the freezer for 24 h, then poured into ice,
and extracted with ether (3 X). The etheral extracts were washed
successively with 5% HC], saturated NaHCOj,, and brine, dried
over anhydrous Na,S80,, and concentrated to afford 517 mg
(96.5%) of the tosylate.
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To a solution of 517 mg (1.59 mmol) of this tosylate in 10 mLL
of acetone was added 1.5 g (100 mmol) of sodium iodide. The
resulting mixture was stirred at room temperature for 24 h, The
solvent was removed under reduced pressure, diluted with 10 mL
of water, and extracted with ether (3 X). The combined extracts
were washed successively with saturated sodium thiosulfate and
brine, dried (Na,SO,), and concentrated. The crude product was
purified by flash chromatography on silica gel with 20% ethyl
acetate-hexanes as eluent to give 429 mg (93.1%) of the iodide
as a colorless oil: IR (thin film) 3010, 2910, 2880, 1480, 1425, 1350,
1180, 1080, 1010 cm™; 'H NMR (CDCl;) 6 0.97 (d, 3 H, J = 6.67
Hz), 1.75 (m, 1 H), 3.22-3.45 (m, 4 H), 4.51 (s, 2 H), 7.35 (m, 5
H).

To 429 mg (1.48 mmol) of the above iodide in 5 mL of dry ether
was added 456 mg (2.96 mmol) of silver nitrite. The resulting
mixture was stirred in the dark at room temperature for 2 days.
The silver salts were filtered, the filter cake was washed with ether,
and the filtrate was concentrated. The crude product was purified
by chromatography on silica gel with 15% ethyl acetate-hexanes
as eluent to afford 245 mg (79.3%) of the nitro compound 44 as
a colorless oil: IR (thin film) 3010, 2920, 1540, 1500, 1450, 1360,
1200, 1180, 1025 cm™:; 'H NMR (CDCl;) 6 1.05 (3 H, d, J = 6.87
Hz), 2.65 (m, 1 H), 3.85 (dd, 1 H, J = 9.50, 7.27 Hz), 3.50 (dd,
1H,J =950, 4.65 Hz), 4.28 (dd, 1 H, J = 12.13, 7.88 Hz), 4.52
(m, 2 H), 4.58 (dd, 1 H, J = 12.13, 6.06 Hz), 7.35 (m, 5 H); [a]%p
-14.2° (c 0.425, CH,Cl,)

Reaction of (+)-(S)-Isopropylidene-3-butene-1,2-diol with
the Chiral Nitrile Oxide from 44, The reaction was run on
a 0.24-mmol scale under the standard conditions (see the first
experiment) to give a 78.3% yield of an 80:20 mixture (‘H NMR
analysis) of diastereomers after chromatography on silica gel with
25% ethyl acetate-hexanes as eluent: IR (thin film) 3010, 2990,
2850, 1620, 1520, 1400, 1350, 1200, 1090, 1025 cm™; 'H NMR
(CDCly) 61.21 (d, 3 H, J = 6.67 Hz), 1.32 (s, 3 H), 1.42 (s, 3 H),
2.82-3.15 (m, 3 H), 3.52 (m, 2 H), 3.80 (m, 3 H), 4.46 (ddd, 1 H,
J = 10.10, 7.68, 6.26 Hz, major), 4.52 (m, 2 H), 4.62 (ddd, 1 H,
J = 11.11, 7.88, 4.85 Hz, minor), 7.38 (m, 5 H); mass spectrum
(15 eV), m/z 319 (M*), 304 (M* - CHjy), 289, 218, 213, 119, 117;
exact mass caled for C;gHy;;NO, 319.1784, found 319.1786.

Registry No. 1, 62214-38-4; 2, 83159-90-4; 2 (acid), 90344-33-5;
2 (acetate), 84044-91-7; 3 (bis-t-BuMe,Si ether), 90344-34-6; 3
(anilide), 90344-35-7; 3 (lactone), 34371-14-7; 3 (lactone, 4-acetate),
81366-68-9; 3 (lactone, bis-t-BuMe,Si ether), 83159-91-5; anti-4,
64482-42-4; syn-4, 64482-63-9; ()-5, 90344-37-9; (*)-anti-6,
90344-38-0; ()-syn-6, 90410-16-5; (+)-anti-6 (desilyl), 90344-39-1;
(£)-syn-6 (desilyl), 90410-17-6; (£)-anti-7, 90344-40-4; (£)-syn-T7,
90410-18-7; (x)-anti-8, 90344-67-5; (£)-syn-8, 90344-68-6; (x)-
anti-9, 90344-69-7; (*)-syn-9, 90344-70-0; (£)-anti-10, 74262-64-9;
(£)-syn-10, 74262-67-2; (£)-11, 90344-66-4; (+)-12, 38996-22-4;
20, 90344-71-1; 21, 90344-73-3; 22, 90344-74-4; 23, 90344-75-5; 23
(alcohol), 90344-76-6; 27, 90344-36-8; 28a, 35786-19-7; (£)-29,
90344-41-5; (£)-30, 90344-42-6; (£)-31, 90344-43-7; (x)-31 (acid),
90344-45-9; (+)-31 (methyl ester), 90344-46-0; (+)-32, 90344-44-8;
(£)-33, 90410-19-8; (%)-33 (isovalerate), 53494-50-1; (%)-34,
31203-09-5; (£)-34 (alcohol), 53402-76-9; 35, 90344-47-1; 36,
90344-48-2; 42, 26543-05-5; 42 (bis-THP deriv), 88671-01-6; 43,
88728-99-8; 43 (O-benzyl, THP deriv), 88671-02-7; 43 (O-benzyl,
alcohol), 63930-46-1; 43 (O-benzyl, tosylate), 90367-65-0; 43 (O-
benzyl, iodide), 90344-49-3; 44, 90344-50-6; 44 (nitrile oxide),
90344-51-7; 45, 90344-52-8; epi-45, 90410-20-1; CEFNO, 51983-
62-1; CH;C=N*—0-, 7063-95-8; THPOCH,C=N*—0", 77790-
67-1; PhC=N*—0r, 873-67-6; CH;CH,C=N*—0", 71494-92-3;
PhNHg, 62'53'3; CH3(CH2)3I, 542'69'8; (M92CHCH2CO)20,
1468-39-9; CH,~CHCH(CHj,)0SiPh,Bu-t, 90344-53-9; CH,=
CHCH(CH,;)OCH,Ph, 53329-00-3; CH,=CHCH(CH,)OAc,
6737-11-7;, CH;~CHCH(CH3)OH, 598-32-3; CH,~C(CHj3)-
CH,0MOM, 90344-72-2; (E)-CH;CH=—C(CH;)CO,Me, 6622-76-0;
(1-methoxy-1-cyclohexyl)oxyacetonitrile oxide, 90344-23-3; 1,3-
dioxolane-2-acetonitrile oxide, 82045-43-0; ethyl 5(S)-anti-5-
(2,2-dimethyl-1,3-dioxolan-4-yl)-2-isoxazoline-3-carboxylate,
83159-89-1; ethyl 5(R)-syn-5-(2,2-dimethyl-1,3-dioxolan-4-yl)-2-
isoxazoline-3-carboxylate, 90344-24-4; 5(S)-anti-5-(2,2-di-
methyl-1,3-dioxolan-4-yl)-3-methyl-2-isoxazoline, 90344-25-5;
5(R)-syn-5-(2,2-dimethy}-1,3-dioxolan-4-yl)-3-methyl-2-isoxazoline,
90344-26-6; 5(S)-anti-5-(2,2-dimethyl-1,3-dioxolan-4-yi)-3-[ (tet-
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rahydropyranyloxy)methyl]-2-isoxazoline, 90344-27-7; 5(R)-syn-
5-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-[(tetrahydropyranyloxy)-
methyl]-2-isoxazoline, 90410-13-2; 5(S)-anti-5-(2,2-dimethyl-1,3-
dioxolan-4-yl)-3-phenyl-2-isoxazoline, 90410-14-3; 5(R)-syn-5-
(2,2-dimethyl-1,3-dioxolan-4-yl)-3-phenyl-2-isoxazoline, 90410-15-4;
5(S)-anti-5-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-[(1-methoxy-1-
cyclohexyloxy)methyl]-2-isoxazoline, 90344-28-8; 5(S)-anti-5-
(2,2-dimethyl-1,3-dioxolan-4-yl)-3-ethyl-2-isoxazoline, 90344-29-9;
5(R)-syn-5-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-ethyl-2-isoxazoline,
90344-30-2; 5(S)-anti-5-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-[(1,3-
dioxolan-2-yl)methyl}-2-isoxazoline, 90344-31-3; 5(R)-syn-5-(2,2-
dimethyl-1,3-dioxolan-4-yl)-3-[(1,3-dioxolan-2-yl)methyl]-2-isox-
azoline, 90344-32-4; anti-3-methyl-5-[1(tert-butyldiphenylsilyl-
oxy)ethyl]-2-isoxazoline, 90344-54-0; syn-3-methyl-5-[1-(tert-bu-
tyldiphenylsilyloxy)ethyl]-2-isoxazoline, 90344-55-1; ethyl anti-
5-(1-benzyloxyethyl)-2-isoxazoline-3-carboxylate, 90344-56-2; ethyl

syn-5-(1-benzyloxyethyl)-2-isoxazoline-3-carboxylate, 90344-57-3;
anti-3-ethyl-5-[1-(tert-butyldimethylsilyloxy)ethyl}-2-isoxazoline,
90344-58-4; syn-3-ethyl-5-[1-(tert-butyldimethylsilyloxy)-
ethyl]-2-isoxazoline, 90344-59-5; anti-3-methyl-5-{1-(tert-butyl-
dimethylsilyloxy)ethyl}-2-isoxazoline, 90344-60-8; syn-3-
methyl-5-[1-(tert-butyldimethylsilyloxy)ethyl]-2-isoxazoline,
90344-61-9; ethyl anti-5-[1-(tert-butyldimethylsilyloxy)ethyl]-2-
isoxazoline-3-carboxylate, 90344-62-0; ethyl syn-5-[1-(tert-bu-
tyldimethylsilyloxy)ethyl]-2-isoxazoline-3-carboxylate, 90344-63-1;
anti-3-phenyl-5-[1-(tert-butyldimethylsilyloxy)ethyl]-2-isoxazoline,
90270-62-5; syn-3-phenyl-5-[1-tert-butyldimethylsilyloxy)-
ethyl]-2-isoxazoline, 90270-63-8; anti-3,a-dimethyl-2-isoxazo-
line-5-methanol acetate, 30344-64-2; syn-3,a-dimethyl-2-isoxa-
zoline-5-methanol acetate, 90344-65-3; anti-3-phenyl-2-isoxazo-
line-5-methanol, 90270-51-2; syn-3-phenyl-2-isoxazoline-5-
methanol, 90270-52-3.
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Flash vacuum pyrolysis of 5-(aminomethylidene)-2,2-dimethyl-1,3-dioxane-4,6-diones (Meldrum'’s acid derivatives)
12 gives 4-hydroxyquinolines/4-quinolones 15 or 3-enaminoacroleins 22 in good to excellent yields. Intermediate
(aminomethylene)ketenes and imidoylketenes are directly observed and their transformation into product 22
monitored by low-temperature IR spectroscopy. Imidoylketenes are also formed and observed upon thermal
CO extrusion from pyrrole-2,3-diones 16. Isocyanoamines and fulminates are generated by pyrolysis of hydrazono-
or oximino-Meldrum’s acid derivatives 32 and 39, monitored by IR spectroscopy, and found to rearrange to
cyanamides and cyanates, depending on substituents. The thermal reactions of isoxazol-5(4H)-ones and Meldrum’s

acid derivatives are compared and discussed.

The thermal decomposition of isoxazolones of the gen-
eral formula 1 under flash vacuum pyrolysis conditions
allows the preparation of a large number of interesting
molecules, viz., acetylenes (Z = RCH),! aminoacetylenes

R: z a
—_— Z2=C: —= Products
m “RCN res
0 -C0y

1
(Z = RNHCH or R,NCH),? isocyanides (Z = RN),? iso-
cyanoamines (Z = RNHN),*5 fulminic acid (Z = HON),?
organic fulminates (Z = RON),” the CNO radical (by flash
photolysis of 1, Z = HON),? and annelated pyrroles.’
Concurrently with these investigations, the pyrolysis of
derivatives of Meldrum’s acid (2) has been shown to lead

R—=CH=C=C=0 —= R-CH=C:

x% .

l l
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to methyleneketenes 3 as primary products; in many in-
stances, these decarbonylate with concomitant rear-
rangement to acetylenes, thus giving the same products
as obtained from 1 (Z = RCH).!°

However, there are differences in behavior of isox-
azolones and Meldrum’s acid derivatives. For example,
the pyrolysis of the (o-methylbenzylidene)dioxanedione
4 did not give any o-tolylacetylene (10) but instead a
quantitative yield of 2-naphthol (7), formed after tautom-
erization of the methyleneketene 5 to the vinylketene 6.1
In sharp contrast, the corresponding 4-(o-methyl-
benzylidene)isoxazol-5(4H)-one 8 furnished a 95% yield
of the desired acetylene 10 at 800 °C (107 torr) (Scheme

(10) Brown, R. F. C.; Eastwood, F. W. In “The Chemistry of Ketenes,
Allenes and Related Compounds”; Patai, S., Ed.; Wiley-Interscience:
Chichester, England, 1980; p 757 ff.

(11) Brown, R. F. C.; McMullen, G. L. Aust. J. Chem. 1974, 27, 2385.
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